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  This research investigates characteristics of metal-hydrogen bonds in coordination complexes. 
  Ligand effects on metal-hydrogen bonding are studied.  
  Ligands can be classified as sigma-donors (NH3, SiH3OH, CH3NH2, (CH3)2NH, N(CH3)3) and pi-
acceptors (1,3-bis(2,4,6-trimethylphenyl)imidazole, CO, CH3CN). 
  Metal-Hydrogen bond lengths and stability are influenced by the presence of trans-ligands. 
  The influences of cis-ligands are not yet well understood.   
A Computational Study of Ligand Effects on First-Row 
Transition Metals 
  The metal complexes were designed using WebMO. 
  Complexes were calculated using Density Functional Theory (DFT), specifically B3LYP, with the 
LANL2DZ ECP basis set.  All calculations used Gaussian ‘03.  
  Geometries are calculated by energy minimization, and vibrational frequencies are calculated from 
energy gradients near the equilibrium geometry. 
  Bond strengths were calculated without geometry relaxation: LmMHn →  H + LmMHn-1 (unrelaxed) 
  Local modes were calculated by deconvolution of normal mode frequencies, in order to isolate 
ligand effects on each individual M?H bond stretch. 
  Computed NiH2 vibrational frequency is approximately 8% lower than experimental (Refs 1-2).   
Cis 
We hope to advance our understanding of first row transition metal-hydrides by including more ligands and more metals. Additional 
ligands will include Molecular Hydrogen, Hydroxymethyl Carbene, Methoxy Carbene and Methylisocyanide. In order to further 
understand M?H bonding, Copper, Scandium and Titanium complexes will be studied.  
  Calculations confirm known ordering of ligand trans-influences, correlating with ligand electronegativity. 
  Trans-influences on M?H bonds increase both bond length and stability, along with M?H bond polarity. 
  Cis-coordinated sigma-donor ligands can enhance trans-influences. 
  Cis-coordinated pi-acceptor ligands and bulky ligands may decrease trans-influences or show a weaker enhancement. 
  In the absence of a trans-coordinated ligand, cis-coordinated ligands may stabilize M?H bonds without increasing bond length. 
  As the M?H bond lengthens, the M?H stretching frequency decreases. 
  M?H bonds are strengthened and lengthened by trans-coordinated ligands. 
  M?L bond ionicity increases with ligand electronegativity, correlating with a decreased trans-influence. 
  M?H bond length increases with M?H bond polarity in both cis- and trans-influences. 
  With a trans-coordinated ligand, the cis-influence enhances the trans-influence but is smaller.  
  With no trans-coordinated ligand (open symbols), the cis-influence on Ni?H bond length is negligible 
but strengthens the Ni?H bond by about 6 kcal/mol. 
  Cis-influences on Co?H bonds are smaller in magnitude than cis-influences on Ni?H bonds.  
  When a ligand methyl group is in-plane with a Co?H bond, the cis-influences are decreased further.  
  For most pi-acceptor ligands, cis-influences can further weaken and shorten Co?H bonds. 
  For C?O ligands, cis-influences strengthen Co?H bonds without changing Co?H bond length. 
Co?H bond in plane  
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Presentation of Research Results Program. 
S
ig
m
a 
D
on
or
s 
P
i A
cc
ep
to
rs
 
S
ig
m
a 
D
on
or
s 
0 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
75 80 85 90 95 100 
R
el
at
iv
e 
B
o
n
d
 L
en
g
th
 
(A
n
g
st
ro
m
s)
 
Percent Ionicity of M-L Bond -250 
-200 
-150 
-100 
-50 
0 
75 80 85 90 95 100 
R
el
at
iv
e 
L
o
ca
l M
o
d
e 
(c
m
-1
) 
Percent Ionicity of M-L Bond 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
75 80 85 90 95 100 
R
el
at
iv
e 
B
o
n
d
 E
n
er
g
y 
(k
ca
l/m
o
l)
 
Percent Ionicity of M-L Bond 
